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INTRODUCTION
As stated by Campbell (2008) , "The time is ripe for refocusing on soil stewardship as a key to improving water productivity, energy productivity and food security while reducing net greenhouse gas emissions from agriculture." Certainly, with an estimated global carbon content of 1.500 Gt, soil represents the largest carbon sink on our planet (Amundsen 2001) and, as about 99% of the world's food and fibers are produced on soil/land, a thorough understanding of how soil can be manipulated to increase carbon sequestration is crucial for mitigating greenhouse gas (GHG) emissions. Furthermore, changes in agricultural practices and the use of biofuels could potentially reduce emissions directly or displace emissions from other sources (Smith et al. 2008) . However, there is increasing awareness of the limits of biomass production set by the other soil functions, in particular the soil's ability to filter water, sequester carbon, and attenuate nutrients as well as the need to maintain biological diversity.
The Intergovernmental Panel on Climate Change (IPCC) has identified a number of soil-management strategies that may be applied to reduce GHG emissions (Smith et al. 2007 ). Nevertheless, before deciding which of these strategies are most appropriate in any given situation, it is important to investigate how these strategies affect other aspects of sustainable development. It is evident that although some of the soil-management strategies available may have positive effects, others may have negative social, economic, and environmental effects. As Hussey and Schram (2011) highlight, the three sectors-energy, water, and food-have until recently been formulated by distinct groups of stakeholders with little interaction or understanding between them. This division is also true in the research community, where experts focus on the topics within disciplines but unless incentives are strong they fail to interact with, and therefore take account of, experts in different but related fields of research. This lack of coordination and integration filters down to policy makers, who are required to make decisions based on incomplete, sector-specific data. The results are policies that are effective in one domain, but which may undermine the objectives in other domains (Hussey and Schram 2011) .
We first examine the soil-management strategies espoused by the IPCC that are most relevant for the European Union: crop management, nutrient management, tillage and residue management, water management, soil restoration, and bioenergy. Our objective is to isolate those strategies that have synergistic qualities with water and energy security; that is, they won't make things worse and, importantly, where the net marginal benefit is high; that is, they offer significant gains for climate mitigation objectives. We then analyze the key policies that govern soil, climate change, energy, and water policies in the EU to ascertain the extent to which those policies encourage the uptake of synergistic soil-management strategies. The intention is not to explore individual member states' agricultural, energy, water, and climate change policies but, rather, the basis of the research is a "thin institutionalism" approach that emphasizes the need to assess policy design, settings, and institutional arrangements to better understand government priorities and choices (Young 2002 , see also Pittock 2011) . In this sense, and as Rockman (1994 , in Reich 2000 has observed, "institutional arrangements make opportunities more or less available and increase or decrease the risk of acting." In the EU, in the areas of climate change, energy, water, and agriculture, the policy framing and settings are established at the supranational level, through European "directives" that set legally binding objectives and parameters that member states must pursue. Thus, it is important to examine the high-level, policy framing of the EU's sectoral regimes (climate, energy, agriculture, water, etc.) to ascertain what the priorities are and where the changes in behavior might occur. Finally, we explore possible reforms or developments that might increase the uptake of synergistic soil-management strategies in the EU's climate, energy, water, and agricultural policies. This necessarily draws on the literature relating to environmental policy integration, and we speculate on some of the ideas in that research domain that might be useful to achieve greater consistency and coordination in EU environmental policies.
SOIL-MANAGEMENT STRATEGIES TO REDUCE GHG EMISSIONS
When identifying soil-management strategies with the potential to mitigate GHG emissions, it is useful to divide them into different categories, depending on their focus, i.e., crop management, nutrient management, tillage and residue management, water management, soil restoration, and bioenergy. We will now examine soil-management strategies in each of these categories and assess their synergies and tradeoffs with respect to water resources and energy security.
Crop Management
The IPCC mean estimate of the GHG mitigation potentials of improved crop management options range from 0.39 to 0.98 t CO 2 -eq ha -1 yr -1 in dry and moist climatic zones (Smith et al. 2007 ). In Europe, which is characterized by a moist climatic zone, there are several ways to improve crop management for GHG mitigation, the most important ones being: 1) optimizing crop rotations for carbon sequestration by increasing the fraction of perennial crops, leguminous crops, and crops with a high carbon content in crop residues, 2) increasing energy efficiency by adopting high yielding varieties, 3) replacing bare fallow with fallow crops, and 4) introducing winter cover crops planted in late summer or autumn.
Studies show that a complete conversion of arable land to permanent grass is estimated to increase soil carbon by 0.5 t/ yr -1 /ha -1 (IPCC 2000 , Conant et al. 2001 , whereas temporary http://www.ecologyandsociety.org/vol16/iss4/art22/ grass may increase soil carbon by 0.35 t/yr -1 /ha -1 (Soussana et al. 2004 ). The water requirements for permanent grass and temporary grass are lower than for most other arable crops; for example, cereals and maize require 10% more water than grass (Food and Agriculture Organization 1991). Furthermore, a higher level of soil organic matter will also increase the water-holding capacity of the soil and thereby reduce losses from drainage. There is no tillage in the year after the grass has been planted, and this will reduce the energy use for tillage corresponding to the ratio of grass in the crop rotation. The area with permanent grass in the EU was 51,096,000 ha in 2009, whereas the area of temporary grass was 8.164.400 ha (Eurostat 2011) . Correspondingly, the area with cereals was 58,016,400 ha, and the area of silage maize was 5.257.500 ha. A possible scenario that may increase the area of permanent grass and/or temporary grass without reducing agricultural productivity is a shift from dairy production based on silage maize to a dairy production based on grass. For instance, if 50% of the area with silage maize is replaced by permanent grass, GHG emissions would be reduced by 1.3 Mt CO 2 -eq. If the same area was replaced by temporary grass, GHG emissions would be reduced by 0.9 Mt CO 2 -eq. Because slurry from dairy farms is normally used as organic manure for silage maize in the EU, and N 2 O emissions from applied slurry are comparable with N 2 O emissions from grazing cattle (Food and Agriculture Organization 2010), no increases in CH 4 and N 2 O emissions are expected. At the same time both water and energy resources would be saved because the production of grass requires less water and energy than the production of maize. In effect, conversion to permanent or temporary grassland could potentially have significant synergistic effects on water resources and energy security.
The use of leguminous crops such as clover, lentil, pea, and bean has the potential to reduce GHG emissions primarily because they do not need N-fertilization and therefore save 50-200 kg N/ha depending on the crop they replace. Furthermore, leguminous crops have a pre-crop effect of 10-100 kg N/ha on the subsequent crop. Estimates of GHG emissions from inorganic fertilizer production and application show that total GHG emissions range from 0.8 to 10.0 kg CO 2eq per kg fertilizer-N produced and from 0.8 to 6.7 kg CO 2eq per kg N applied in the field. See the section on nutrient management below. This means that for every 100 kg fertilizer-N saved, the emission of as much as 1.7 t CO 2 -eq is potentially avoided. Some leguminous crops have a higher demand for water than other crops, whereas other leguminous crops have lower demand, so the net effect on water resources is likely to be zero (Food and Agriculture Organization 1991). Because the production of inorganic fertilizers requires a large amount of energy, there are synergistic effects of using leguminous crops for energy security.
Increasing the fraction of crops with a high carbon content in crop residues, adopting high yielding varieties, replacing bare fallow with fallow crops, and introducing winter cover crops are crop management practices that will all increase the buildup of organic matter in the soil compared with business as usual, and thereby contribute to GHG mitigation. There are more synergies than trade-offs among these practices on one side, and water resources and energy security on the other side. All of the practices have synergistic effects on water resources, given that a higher level of soil organic matter will increase the water-holding capacity of the soil. High-yielding varieties will increase productivity and energy efficiency, thus offering the potential to reduce energy consumption. This is also the case for crops with high carbon content, as they could potentially increase the amount of biomass eligible for bioenergy production. However, trade-offs exist between bare fallow and cover crops on one side and energy security on the other side, as more energy is needed to cultivate the soil, and plant and plough down cover crops.
Nutrient Management
The IPCC mean estimate of the GHG-mitigation potential of improved nutrient management range from 0.33 to 0.62 t CO 2eq/ha -1 /yr -1 in dry and moist climatic zones (Smith et al. 2007) . Estimates show that the production of inorganic fertilizers consumes approximately 1.2% of the world's energy and is responsible for approximately 1.2% of global GHG emissions (Kongshaug 1998) . Studies show that production of NPK (Nitrogen, Phosphorous, Potassium) fertilizers result in GHG emissions ranging from 0.8 to 10.0 kg CO 2 -eq per kg of fertilizer-N depending on fertilizer production plant design and efficiency, emission control mechanisms, and rawmaterial inputs (Wood and Cowie 2004) . Furthermore, the application of fertilizers in the field is estimated to emit from 0.25 to 2.25 kg N 2 O per 100 kg N (Smith et al 1997) . The global-warming potential is 296 times higher for N 2 0 compared with CO 2 , and the resulting total GHG emissions from fertilizer production and application therefore ranges from 1.5 to 16.7 kg CO 2 -eq/kg fertilizer-N. Increasing fertilizer efficiency and reducing fertilizer inputs are the two primary ways to optimize nutrient management for reducing GHG emissions. Fertilizer efficiency can be increased by adjusting fertilizer amount, placement, and timing to minimize losses and meet actual crop demand. There are strong synergies between fertilizer efficiency on one side and water resources and energy security on the other, given that a reduction in fertilizer inputs will result in the water and energy used for fertilizer production being saved. Furthermore, a reduction in fertilizer inputs will also improve water quality, as the leaching of nutrients into groundwater and the pollution of surface water is reduced.
The consumption of nitrogenous fertilizer in the EU was 30,959,558 tonnes in 2008 and the estimated nitrogen surplus is 7.1 million tonnes, corresponding to 55 kg N/ha. It follows that fertilizer efficiency in the EU can be increased substantially, which could potentially result in a reduction of Ecology and Society 16(4): 22 http://www.ecologyandsociety.org/vol16/iss4/art22/ GHG emissions in the range of 11-119 Mt CO 2 -eq/yr -1 together with associated synergistic benefits for water and energy resources.
Tillage and Residue Management
The IPCC mean estimate of the GHG-mitigation potential of improved tillage and residue management range from 0.17 to 0.35 t CO 2 -eq/ha -1 yr -1 in cool-dry and warm-dry climatic zones and from 0.53 to 0.72 in cool-moist and warm-moist climatic zones (Smith et al. 2007 ). By minimizing soil disturbance, conservation tillage practices such as no tillage and reduced tillage increase the buildup of soil organic matter and thereby mitigate GHG emissions, especially if combined with the retention of crop residues (Holland 2004) . Conservation tillage practices and the incorporation of crop residues may have significant synergistic effects on water resources, as the resulting improved soil structure increases the water-holding capacity of the soil and leaves the soil less prone to leaching. Likewise, there is a synergistic effect of conservation tillage practices on energy security, as a substantial amount of energy is saved by not ploughing the soil. One could argue that there is a potential trade-off between incorporation of crop residues and energy security, because crop residues could potentially be used for bioenergy production.
Water Management
The IPCC mean estimate of the GHG-mitigation potential of improved water management is 1.14 t CO 2 -eq/ha -1 /yr -1 in all climatic zones (Smith et al. 2007 ). About 18% of global arable land is irrigated, and more efficient irrigation schemes may save CO 2 used for irrigation and increase carbon sequestration through increased productivity. One of the most promising irrigation schemes that may be able to reduce GHG emissions is partial root-zone irrigation (PRI). This is a deficit irrigation strategy in which one half of the root zone is irrigated while the other half dries out (Shahnazari et al 2008) . Irrigated and dry sides are periodically switched, and PRI has great potential to increase water-use efficiency and to maintain yield (Davies and Hartung 2004) . Recent results for potato show that yield can be maintained using 30% less water (Shahnazari et al. 2008 ). This method is superior in terms of enhancing C concentration in the plant biomass, which could lead to more C losses from the soil (Wang et al. 2010 ). Therefore, it is possible that deficit irrigation schemes such as PRI could have synergistic effects by saving both water and energy resources. However, a comprehensive analysis of the energy used by the pumps to distribute the water through the pressurized pipes would need to be done to ensure a net energy gain is actually achieved. Water shortages and salinity threaten the sustainability of irrigated agriculture. The two are linked in several ways, as irrigated agriculture concentrates salts because water is taken up by the crop leaving salts behind in the root zone. Proper management must ensure that the salt is concentrated outside the root zone away from future water supplies for irrigation. Several types of management options are available. One of the key agronomic options is crop diversification using the different evapotranspiration patterns of different crops. Of course, this option is only feasible if there is a decent market for these crops, and farmers who grow them. Furthermore, recent innovations in the water treatment and irrigation industry have shown potential for the use of lowquality water resources such as reclaimed water or surface water in periurban agriculture for irrigation of vegetable crops without threatening food safety and quality. See, for example, Plauborg et al. (2010) and Marcussen et al. (2009) . The successful use of lower quality water resources that require less energy-intensive treatment than higher quality water resources is another example of where energy gains can be achieved in water management. Other management options include improving the operation and maintenance of irrigation systems using information systems and to integrate water and soil management and their quality, for example, salinity aspects (Styczen et al. 2010) .
Soil Restoration
Soil degradation has adverse impacts on all soil functions, including agronomic/biomass production, soil-filter function (environmental), engineering, cultural, and aesthetic functions. As summarized in Smith et al. (2007) , a large proportion of agricultural lands have been degraded by excessive disturbance, erosion, organic matter loss, salinization, acidification, and other processes. Additionally, both agricultural and nonagricultural soils, such as urban and periurban soils, have lowered soil functionality given their pollution with organic chemicals and potentially toxic elements. For example, the European Environment Agency (EEA) member countries have reported 250,000 polluted sites (European Environment Agency 2007). Although only a few soil nondestructive methods exist for the treatment of persistent chemicals and nondegradable elements like heavy metals and metalloids, often soil functionality and carbon storage capacity can be partly restored by revegetation, applying organic substances such as manures, biosolids, and compost; reducing tillage, and retaining crop residues. The IPCC mean estimate of the GHG-mitigation potential of soil restoration of organic soils and degraded lands sees improved nutrient management range from 37.96 to 70.18 t CO 2 -eq/ha -1 / yr -1 in cool and warm climatic zones (Smith et al. 2007 ). Reestablishing a high water table is the primary mitigation measure for organic soils. A combination of applying organic manures, reducing tillage, retaining crop residues, and conserving water is the primary mitigation measure for degraded land.
Generally, all mentioned soil restoration management measures will contribute to soil function synergies. Trade-offs may occur on the water-management side as groundwater quality may be adversely affected by the re-establishment of a high water table and the application of residue amendments. However, reintroducing high water tables may, in particular Ecology and Society 16(4): 22 http://www.ecologyandsociety.org/vol16/iss4/art22/ in the regions with increasing precipitation, increase risk of flooding of both agricultural and urban land, that again may negatively affect some of the soil functions and become tradeoffs between economic and environmental aspects of soil management.
Bioenergy
Bioenergy from agricultural crops and residues has the potential to displace GHG emissions from fossil fuels and, depending on the type of crop, increase soil carbon storage. The IPCC mean estimate of the soil carbon storage from bioenergy crops range from 0.17 to 0.35 t CO 2 -eq/ha -1 / yr -1 in cool-dry and warm-dry climatic zones and from 0.53 to 0.72 in cool-moist and warm-moist climatic zones (Smith et al. 2007) . Correspondingly, the global potential to displace fossil fuel-based power plants and transport is estimated to be 1.22 Gt CO 2 -eq yr -1 (Sims et al 2007) and 2.30 Gt CO 2 -eq/yr -1 (Kahn Ribeiro et al. 2007) . It is obvious that there are synergies between the production of bioenergy from arable crops and energy security, since bioenergy will reduce the dependence on fossil fuels (European Environment Agency 2008a). If measures to improve water use efficiency are integrated in the transition to bioenergy there may also be synergies with respect to water resources, but depending on the crop type bioenergy production could also cause trade-offs by intensifying water use and increase leaching of pesticides and nutrients (Freibauer et al. 2004 , Jackson et al. 2005 , Dalla Marta et al. 2011 ). Because bioenergy is in direct competition with food for the demand of a steady supply of arable crops, there is a major trade-off between bioenergy production and food security. Furthermore, the need for biomass in developed countries may require large imports, and an increased destruction of forests due to biofuel production is already evident in developing countries (European Environment Agency 2008b). Finally, even with ethanol transformation or heat combustion of crop residues to generate second generation biofuels and electricity, bioenergy production is still suboptimal from a strictly environmental viewpoint because the alternative option, that is, nonbiological renewables combined with other types of land use, such as permanent or temporary grassland, will result in a higher level of carbon sequestration and a lower pressure on water resources while at the same time also displacing fossil fuels.
The effects of the different GHG mitigating soil-management strategies on energy security and water resources are summarized in Table 1 . It is evident that most of the soilmanagement strategies have synergistic effects on energy security and water resources whereas only a few trade-offs occur at the management level. But how do things look at the EU policy level? Are the relevant EU policies consistent and coherent in promoting GHG mitigating soil-management strategies?
"DISHING THE DIRT" ON SOIL-MANAGEMENT STRATEGIES IN EU POLICIES
Our intention here is not to explore individual member states' agricultural, energy, water, and climate change policies but, rather, the basis of the research is a "thin institutionalism" approach that emphasizes the need to assess policy design, settings, and institutional arrangements to better understand government priorities and choices (Young 2002 , see also Pittock 2011) . In the EU, in the areas of climate change, energy, water, and agriculture, the policy framing and settings are established at the supranational level, through European "directives" that set legally binding objectives and parameters that member states must pursue. Thus, it is important to examine the high-level, policy framing of the EU's sectoral regimes such as climate, energy, agriculture, and water, to ascertain what the priorities are and where the changes in behavior might occur. A 2010 Communication clearly indicates that the opportunity to use agriculture and specifically soil to contribute to climate mitigation has not been lost on the European Commission:
Although GHG emissions from agriculture in the EU have decreased by 20% since 1990, further efforts are possible and will be required to meet the ambitious EU energy and climate agenda. It is important to further unlock the agricultural sector's potential to mitigate, adapt and make a positive contribution through GHG emission reduction, production efficiency measures including improvements in energy efficiency, biomass and renewable energy production, carbon sequestration and protection of carbon in soils based on innovation (European Commission 2010a).
However, the quotation also neatly captures some of the conflicts that arise in this domain: the extent to which improvements in energy efficiency, biomass and renewable energy production, carbon sequestration, and protection of carbon in soils are mutually reinforcing is contentious, particularly when the implications for Europe's water systems are added to the equation. The EU has extensive and comprehensive policies and legislation relating to agriculture, water, energy, and most recently, climate change. These policies are: the Common Agricultural Policy, the Water Framework Directive, and the Climate Action and Renewable Energy Package. We will briefly describe these policies and identify any explicit incentives contained within them to implement GHG-mitigating soil-management strategies, potential trade-offs among the policy regimes and, finally, lost opportunities to integrate across regimes. Our findings are summarized in Table 2 , which shows that integration of soilmanagement strategies across the three policy regimes is limited. Yes.
The CAP does not have specific provisions relating to crop rotations or crops but farm support is subject to cross compliance; land must be kept in "good agricultural and environmental condition" (GAEC). A key requirement is the completion of a Soil Protection Review, although this is not prescriptive in nature. From 2011, the obligation for farmers to leave 10% of their land as set-aside will be abolished.
Partially.
Crop management in CARE is only related to bioenergy. The Sustainability Criteria for bioenergy production encourages appropriate crops be grown that have high yields and minimal impact on the environment. However, it does not address conflicts between land-use decisions or the overall availability of land visa-vis food production.
No.
The WFD does not directly address crop management, although the promotion of lowwater requiring crops is mentioned as a supplementary measure that member states could consider.
Nutrient management -Reducing fertilizer inputs.
-Increasing fertilizer efficiency.
Yes.
The EU Nitrates Directive is part of the cross-compliance criteria. Nutrient management is also covered (indirectly) in GAEC.
The sustainability criteria does not mention nutrient management specifically, and some studies (Dallamarta 2011) suggest that increased fertiliser use in some bioenergy crops delivers a net energy increase for biofuels.
Yes.
Prescriptive provisions contained in WFD for "good ecological status" and "good chemical status" directly address nonpoint source pollution and nutrient management. However, implementation of WFD is poor.
Tillage and residue management -"No tillage" and "reduced tillage" practices.
-Retention of crop residues.
No specific provisions, but would be a key factor in achieving GAEC.
There is a potential clash between the CARE Package's focus on bioenergy, which uses crop residues, and the potential retention of crop residues in the soil to increase the organic content of the soil.
WFD does not address tillage and residue management, even though both would result in greater water-use efficiency.
Water management -Increase irrigation efficiency.
-Promote deficient irrigation schemes.
-Crop diversification.
The WFD is currently not part of the cross-compliance criteria, although it is expected to be included shortly. Nevertheless, member states are slow to implement WFD.
The production of biomass for bioenergy is devastating in some water-scarce regions (Dallamarta 2011), as the use of otherwise setaside land, and the choice of water-intensive crops, proves overwhelming for water supplies. Sustainability criteria for bioenergy addresses these conflicts, but there are no explicit options put forward, i.e., mandatory requirements for efficient irrigation schemes.
A key element of the WFD is that water-resource management should be undertaken at the river basin level, and that all member states must provide River Basin Management Plans (RBMPs) to the EU. Implementation is poor.
There is no specific provision in the WFD relating to irrigation efficiency, or crop diversification.
(con'd)
Ecology and Society 16(4): 22 http://www.ecologyandsociety.org/vol16/iss4/art22/ Soil restoration of organic soils and degraded lands Yes, but weak.
Requirements for GAEC to be defined by the member states, covering: protection of soil from erosion, maintenance of soil organic matter, maintenance of soil structure, and maintenance and avoidance of deterioration of habitats. The level of stringency and implementation varies markedly between member states and the EU regulation has been described as "broad brush." .
The main threat to soil restoration from the CARE package comes from the 10% target for "biofuels," which could have direct and indirect negative effects on soil condition and functionality. The sustainability criteria for biofuels, which is not binding, includes a general prohibition on the use of biomass from land converted from forest, other high carbonstock areas, and highly biodiverse areas. It is up to the member states to ascertain which land this refers to.
No.
The link between soil quality and functionality, and water, is positive: higher soil quality means greater water retention and more efficient use of water by plants. Given this link, the WFD could usefully add "good soil status" as one of its key objectives.
Bioenergy
-Appropriate crop choice.
-Appropriate choice of land.
The CAP does not address soilmanagement strategies in relation to bioenergy production.
Partially.
At least 10% of transport fuel must be renewable. Sustainability criteria, which include: 1) prohibition on the use of biomass from land converted from forest, other high carbon-stock areas, and highly biodiverse areas, 2) a common GHG-calculation methodology to ensure that minimum greenhouse gas savings from biomass are at least 35%, 3) the differentiation of national support schemes in favor of installations that achieve high energyconversion efficiencies, and 4) monitoring of the origin of biomass.
No.
The WFD does not explicitly mention bioenergy or crop choice because it is largely designed to set parameters around water quality, and it is up to the individual member states to decide which activities should be managed, through the River Basin Management Plans. †(European Council 1991 Council , 2005a Council ,b, 2009b 
‡(European Community 2001, 2003, European Council 2009c, European Commission 2010b) §(European Community 2000)
q an obligation to maintain a level of permanent pasture not included in the crop rotation for five years or more (this is not a cross-compliance obligation for individual farmers, but may become one in future years).
If farmers do not comply with the criteria, their SPS payments will be reduced. Thus, the regulation scheme embodies both a "carrot" approach in terms of payments, and a "stick" approach in the form of reduced payments. Requirements for GAEC practice are defined by the member states, but the relevant Council Regulation [(EC) No. 1782/2003] sets up a common framework which covers four issues: 1) protection of soil from erosion, 2) maintenance of soil organic matter, 3) maintenance of soil structure, and 4) maintenance and avoidance of deterioration of habitats. Thus, the GAEC requirement within the CAP is a key policy to encourage appropriate land and soil-management practices. Nevertheless, the EU requirements contained in GAEC are very broad and nonspecific. It remains the responsibility of the member states to adopt more stringent, enforceable regulation. In the United Kingdom, for example, farmers meet their EU GAEC obligation by undertaking a Soil Protection Review, but there is an additional, related Soil Management Plan under the UK Environmental Land Stewardship Scheme that requires a far more detailed assessment of fields, and that is subsequently used as the basis for planning and implementing management options to reduce the risk of runoff and soil loss (Department for Environment, Food and Rural Affairs 2005).
Theoretically, the SPS (Pillar 1) should also result in a higher diversification of land use, but even with decoupling from specific products, studies show that only 30% of farmers have plans to alter their mix of farm activities (Tranter et al. 2007) so, in its current form, the largest support scheme fails to promote the changes in soil management suggested by the IPCC. The support to specific products through market interventions is not linked to how the products are produced and, therefore, no specific sustainability goals are achieved. How well does the rural development scheme promote GHG mitigating soil-management strategies?
For Pillar 2, 13.6 billion euros were committed in 2009 for rural-development schemes. The purpose of the rural development support scheme is to improve competitiveness for farming and forestry, to protect the environment and the countryside, to improve the quality of life, and to promote diversification of the rural economy. In 2008, a health check of the CAP was performed and the member states agreed on a range of measures which directly or indirectly affect soil, Ecology and Society 16(4): 22 http://www.ecologyandsociety.org/vol16/iss4/art22/ water, and energy management: 1) decoupling subsidies linked to a specific product, 2) shifting subsidies to reinforce programs in the fields of climate change, renewable energy, water management, and biodiversity, and 3) abolishing the requirement for arable farmers to leave 10% of their land fallow (European Council 2009a) . Of the three support schemes, the rural development support scheme has the largest potential for strengthening the incentive to implement soilmanagement strategies for mitigating GHG emissions, protecting water resources, and saving energy. Council 2005b) , the aim of the European Agricultural Fund for Rural Development (EAFRD) is to improve: 1) the competitiveness of agriculture and forestry, 2) the environment and the countryside, and 3) the quality of life and the management of economic activity in rural areas. Only the second aim is directly linked to environmental sustainability. Furthermore, EAFRD is rather vague in defining how the environment can be improved, such that it covers: "a range of key issues for environmental protection such as biodiversity, Natura 2000 site management, protection of water and soil, climate-change mitigation, reduction of ammonia emissions and sustainable use of pesticides" (European Council 2005b). In effect, only a small proportion of the 13.6 billion euros allocated for rural development in 2009 will actually promote GHG mitigating soil-management strategies, and the abolition of the requirement for 10% fallow land will directly increase GHG emissions. The European Commission recognizes that Rural Development Plans do not currently fully use the potential to address climate change (European Commission 2009c). There is a shift appearing in the CAP reform process that is seeing greater emphasis placed on reinforcing Pillar 2 and providing more funding to programs in the fields of climate change, renewable energy, water management, and biodiversity. Of the three options identified in the November 2010 White Paper on the future of the CAP post-2013 (European Commission 2010a), only the last option would represent a concerted effort to put environmental issues on equal footing with income support and rural development. The main characteristics of Option 3 are:
As defined by Council Regulation (EC) no 1698/2005 of 20 September 2005 (European
Enhancement of environmental performance of the CAP through a mandatory "greening" component of direct payments by supporting environmental measures applicable across the whole of the EU territory. Priority should be given to actions addressing both climate and environment policy goals. These could take the form of simple, generalized, noncontractual and annual environmental actions that go beyond cross-compliance and are linked to agriculture (e.g. permanent pasture, green cover, crop rotation and ecological set-aside). In addition, the possibility of including the requirements of current NATURA 2000 areas and enhancing certain elements of GAEC standards should be analyzed.
There is also an expectation that the Water Framework Directive will be added to the list of Statutory Management Requirements, though this could take some time as it relies on member states finding consensus on what the operational obligations for farmers would be.
Water Framework Directive (WFD)
The purpose of the Water Framework Directive (WFD) is to achieve good qualitative and quantitative status in all EU water bodies by 2015 (European Community 2000) . The goal is to reach a general protection of the aquatic ecology, specific protection of unique and valuable habitats, protection of drinking water resources, and protection of bathing water. A key element of the WFD is that water resource management is taking place at the river basin level and that all water bodies must reach "good ecological status" and "good chemical status" by 2015. For each river basin a River Basin Management Plan (RBMP) is made every six years in order to: 1) record the current status of water bodies within the river basin district, 2) set out the measures planned to meet the objectives of the WFD, and 3) act as the main reporting mechanism to the EU and the public.
With most countries having finalized their first RBMPs and specified the associated programs of measures, it is now evident that the plans in their current form will not be able to fully protect the water resources in the EU by 2015. Most plans do not adequately provide objectives and suggest measures to ensure good chemical and ecological status of surface waters, and in many cases an extension of the 2015 deadline or a lowering of the objectives is warranted according to the WFD provisions for exemptions to reach the objectives. Some plans suggest lower objectives for specific water bodies because they are already heavily modified by human activities. Several plans argue that public interest to secure employment, water supply, rural development, power supply and development of renewable energy makes it necessary to accept less stringent objectives. In other plans specific sectors, such as industry and agriculture which both have a huge effect on water quality, are not required to implement any measures for reducing point source and diffuse water pollution to meet the objectives of the WFD. Furthermore, effective measures to save water resources are only included in a few of the RBMPs. With respect to climate change only adaptation is mentioned, whereas mitigation options related to the use of water resources are not considered.
A possible reason for the apparently weak RBMPs is that governments and other authorities have realized that reaching the ambitious goals of the WFD is going to take a very long time and be very expensive. It is highly unlikely that the Commission will accept a lowering of the general objectives http://www.ecologyandsociety.org/vol16/iss4/art22/ in the WFD, and it is more likely that the Commission will accept an extension of the deadline as long as the progress toward a better status can be documented. At this point it is very difficult to determine the general effect of the WFD on the promotion of GHG mitigating soil-management strategies. However, for the RBMPs that do include measures to be implemented by the agricultural sector some of the technologies and land use changes applied to reduce point source and diffuse pollution will also reduce GHG emissions.
Climate Action and Renewable Energy (CARE) Package
In the Climate Action and Renewable Energy (CARE) Package, the EU has committed to a 20% reduction in GHG emissions by 2020 and a 20% share of renewable energies in EU energy consumption by 2020 (European Commission 2009b). If there is an international agreement committing other developed countries to comparable emission reductions, the EU will commit to a 30% reduction of GHG emissions by 2020. As a part of the package, the EU has adopted eight different directives, of which the following three are the most relevant for this study: 1) promotion of the use of energy from renewable sources, 2) revision of the EU emission trading system (ETS), and 3) shared effort to reduce greenhouse gas emissions.
The directive promoting the use of energy from renewable sources amends, and will subsequently replace, previous directives on renewable energy and biofuels from 2001 and 2003. It sets a mandatory target of 20% renewables in overall energy consumption by 2020 and a mandatory 10% minimum share of biofuels in transport petrol and diesel consumption by 2020. Even though the directive emphasizes that the binding character of the 10% target for biofuels requires that production is sustainable and second-generation biofuels are commercially available, it fails to address the fact that the land required to meet the 10% target exceeds the available land area in the EU. This will inevitably increase pressures on soil, water, and biodiversity within the EU. Meeting the target will also require a large import of biofuels, which will result in severe negative consequences for sustainability and food security in developing countries. Based on these facts, the Scientific Advisory Board of the EEA recommended that the 10% target be completely suspended (European Environment Agency 2008b). Furthermore, the directive can be criticized for not seriously considering the potential for transportation to be based on electricity from biomass or other renewable energy sources instead of biofuels. In a recent study, Campbell et al. (2009) showed that transportation based on electricity from heat combustion of biomass is more than 100% as effective and reduces GHG emissions by 100% more than transportation based on first-generation biofuels. The directive does highlight that biogas from animal and organic waste has significant environmental advantages in terms of heat and power production, and it does address the importance of nonbiological renewables. However, it still fails to provide adequate incentives for developing new technologies in these areas. Ultimately, all energy policies that imply that organic matter is not returned to the soil are suboptimal, and will result in lower soil quality, a decreased quantity and quality of water resources, and a higher level of GHG emissions compared with policies that ensure that organic matter is incorporated in the soil (Blanco-Canqui and Lal 2007 , Lal 2007 . Therefore, from a strictly environmental point of view, sustainable energy policies should primarily focus on developing and applying technologies that generate energy from nonbiological renewables such as solar, wind, and geothermal.
The directive revising the ETS establishes an emissions cap for power companies and industry installations from 2013. The emissions cap will reach a 21% cut in 2020 and, at the same time, an increasing level of auctioning will gradually replace the previous allocation of free allowances. The directive adopting a shared effort to reduce GHG emissions specifies individual targets for all EU member states according to GDP per capita. Power companies, industry installations, and EU member states will be able to reduce emissions by increasing energy efficiency, implementing renewable energy technologies, applying carbon capture and storage technology, as well as establishing Clean Development Mechanism (CDM) projects, which reduces emissions in developing countries. If the renewable energy technologies implemented within the EU and the CDM projects are based on biomass rather than nonbiological renewables there is certainly going to be trade-offs with soil quality and water resources.
In the absence of harmonized rules at the EU level, member states are free to put in place their own national schemes for solid and gaseous biomass used in electricity, heating, and cooling. In the 2010 report entitled "Sustainability requirements for the use of solid and gaseous biomass sources in electricity, heating, and cooling," the European Commission provides recommendations for member states to follow similar patterns and, most importantly, to be guided by a number of sustainability criteria (European Commission 2010c). In this way, it will be possible to minimize the risk of the development of varied and possibly incompatible criteria at the national level, leading to barriers to trade and limiting the growth of the bioenergy sector. The recommended criteria relate to: 1) a general prohibition on the use of biomass from land converted from forest, other high carbon-stock areas, and highly biodiverse areas, 2) a common greenhouse gas calculation methodology that could be used to ensure that minimum greenhouse gas savings from biomass are at least 35%, rising to 50% in 2017 and 60% in 2018 for new installations, compared to the EU's fossil energy mix, 3) the differentiation of national support schemes in favor of installations that achieve high energy-conversion efficiencies, and 4) monitoring of the origin of biomass (European Commission 2010c). It is also recommended not to apply sustainability criteria to wastes, as these must already fulfill http://www.ecologyandsociety.org/vol16/iss4/art22/ environmental rules in accordance with waste legislation at national and at European levels. Sustainability requirements should apply to larger energy producers of 1MW thermal or 1MW electrical capacity or above (European Commission 2010b).
Under the Renewable Energy Directive, member states were required to submit National Renewable Energy Action Plans in June 2010. These will be a key tool for identifying the EU's ambitions for exploiting its biomass potential, whether in electricity, heating, or transport. Following the submission of these plans and analysis of emerging national schemes, the Commission will consider, in 2011, whether additional measures such as common sustainability criteria at EU levels would be appropriate. The EC's findings had not been released at the time of writing.
MOVES TOWARD A SOILS FRAMEWORK DIRECTIVE?
The European Commission published a Thematic Strategy for Soil Protection in September 2006, including an impact assessment and proposal for a Soils Framework Directive (SFD). The rationale for the Soil Framework Directive was sound, and indeed mirrors the normative dimension to this paper; that greater integration and coordination between policies would result in more "win-win" solutions and less unintended trade-offs. As the Commission stated at the time, " soil is a resource of common interest to the Community, although mainly private owned, and failure to protect it will undermine sustainability and long term competitiveness in Europe. Moreover, soil degradation has strong impacts on other areas of common interest to the Community, such as water, human health, climate change, nature and biodiversity protection, and food safety." . In addition to establishing a common framework to protect soil on the basis of the principles of preservation of soil functions, prevention of soil degradation, mitigation of its effects, restoration of degraded soils, interestingly, the SFD also included the requirement to "identify, describe and assess the impact of some sectoral policies on soil degradation processes with a view to protect soil functions" . Five years later and the SFD has failed to make any progress through the complex decision-making procedures of the EU, particularly as the countries opposing the directive include France, Germany, the United Kingdom, the Netherlands and Austria. Nevertheless, the potential for the SFD to act as a cross-sectoral, integrating tool remains plausible, as soil is an issue that spans the climate, water, agricultural/land-use, and energy policy domains.
SYNERGIES AND TRADE-OFFS AT THE EU POLICY LEVEL
There are several potential synergies and trade-offs among the CAP, the WFD, and the CARE package, including several options for better policy integration (see Table 3 ). Taking the CAP first, there are currently only limited synergies with the WFD and CARE, but if the CAP subsidies are gradually shifted from SPS to rural development, as outlined in the 2010 White Paper on CAP Reform, and the support for rural development is focused on environmental objectives, a higher level of synergy is not unrealistic. Alternatively, the SPS requirement to protect the environment and keep the land in good condition could be strengthened with clear definitions of how soil and water resources must be managed to qualify for financial support. As of now, there are more trade-offs than synergies between CAP on the one side and WFD and CARE on the other. This is because current CAP policies allocate the major part of the funds according to earlier payments during a reference period or the number of hectares, and thereby delay the progression toward the development of more sustainable farming practices, which could contribute to meeting the objectives of WFD and CARE. The WFD has very limited synergies with CAP and CARE. Synergies with CAP can only be said to occur if the RBMPs include measures to be implemented by the agricultural sector, whereas trade-offs occur when the RBMPs argue that public interest in rural development makes it necessary to accept less stringent objectives. Because climate-change mitigation is not integrated in the WFD, there are no synergies between the WFD and CARE. One could even argue that the focus on adaptation in the WFD will result in trade-offs between WFD and CARE, because resources will be allocated to adaptation instead of mitigation.
In its current form, CARE has more trade-offs than synergies with the CAP and the WFD. Trade-offs with CAP are caused by the unbalanced focus on bioenergy, which may potentially harm rural development. Synergies with the CAP will increase if funds for rural development are increasingly allocated to farmers applying soil-management strategies with GHGmitigation potential. An example of a potential trade-off between CARE and the WFD includes the establishment of hydropower plants that, on the one hand, will have a GHGmitigating effect but, on the other hand, will put water resources at risk (see Opperman et al. 2011 , Pittock et al. 2011 ). Finally, one should consider that, whereas the CAP provides funding for farmers providing environmental services, the case of synergies and trade-offs between the WFD and the CARE package is more complex because they actually compete for the same economic resources. To avoid unintended trade-offs caused by this competition between policies, they should be integrated to the greatest extent possible.
DISCUSSION AND SPECULATION
From the perspective of soil management, water resources, and climate change, all policies that imply that organic matter such as crop residues, animal manure, and other types of organic waste are not returned to the soil, are suboptimal and will result in lower soil quality, a decreased quantity and quality of water resources, and a higher level of GHG Applications to establish hydropower plants should be carefully evaluated against the RMBP for the affected water body.
emissions compared with policies that ensure that organic matter is incorporated in the soil. The synergy that exists between soil-management strategies to increase soil carbon on the one hand, and water resources and climate-change mitigation on the other hand, is conversely contrasted by tradeoffs between soil-management strategies to increase soil carbon and energy security. From the perspective of energy security, the primary concern is to meet increasing energy http://www.ecologyandsociety.org/vol16/iss4/art22/ demands while at the same time reducing the dependence on fossil fuels. Inevitably this implies that energy policies will need a portfolio of all renewable sources of energy, including biomass in the short run. However, in the long run and from an environmental perspective, to be truly sustainable, energy policies should focus on energy generated from nonbiological renewable sources of energy such as solar, wind, and geothermal.
It is critical that policy makers understand the often complex links between the climate, energy, water, and food sectors. The challenge for policy makers and industry alike is to develop effective policies, processes, and analytical tools that integrate the links into policy and investment decisions. Despite the position of the EU as a leader in integrated policy development, it has so far failed to sufficiently coordinate the policies involving climate, energy, water, and food production. Indeed, in addition to our work, Pittock (2011) , finds that there is a similar lack of water-management objectives in EU climate change policies. One reason for the lack of integration at the EU level is that the policies within these areas have been formulated by different Directorates General, which are influenced by different lobby groups and have different agendas and priorities. The recent creation of two new Directorates General for Energy and Climate Action (2010) shows that the EU is determined to strengthen the policies within these areas, but there is also a risk that this will weaken policy integration. Even if the European Commission's hopes to introduce a Soils Framework Directive had received more support from the key member states, it is conceivable that even a directive governing such a cross-sectoral issue as soil would fail to be sufficiently integrative.
There is a substantial body of knowledge on the tools, strategies, and mechanisms that can be employed to encourage greater integration among sectors and policy regimes (Lenschow 1997 , Lafferty and Hovden 2003 , Dovers 2005 , Ross and Dovers 2007 and, in many respects, the European Commission's legal competences to draft and implement framework directives does provide a degree of integration and "big picture" foci that would otherwise be absent in member state policies. Other integrating mechanisms include horizontal and vertical coordinating mechanisms in public administrations (Lafferty and Hovden 2003) , extensive stakeholder engagement (Ross and Dovers 2007) , and appropriate legislative mechanisms such as strategic environmental assessment (Connor and Dovers 2004) . The results summarized in Tables 2 and 3 suggest that there is much room for improvement. It is possible to identify a number of ways in which greater integration among, and indeed implementation of, policies might be achieved specifically in this case study. For instance, to increase synergies and reduce trade-offs among policies involving climate, energy, water, and food production at the EU level, an interdirectorate task force could be created to secure full policy integration between the CAP, the WFD, and the CARE package. Such a task force could identify opportunities for how the CAP might allocate a much larger part of the subsidies to payment for environmental services (PES) under the SPS and rural development support schemes. Furthermore, the environmental services eligible for support under SPS could be better defined according to the criteria set forth by the Consultative Group on International Agricultural Research (http://www.cifor.org/ pes/_ref/about/index.htm). They should be targeted toward management strategies mitigating GHG emissions, protecting water resources, and saving energy, while at the same time maintaining biodiversity. Ideally, CAP would be closely linked with the WFD and the CARE package in such a way that a major part of the CAP funding is allocated to farmers that implement measures specified by the RBMPs and the CARE package. This may yet come about if the WFD is included in the cross-compliance criteria, as is currently proposed. Of course, the recent debates around post-2013 CAP reform illustrate the intense political resistance that exists from some member states to placing greater obligations on farmers, so that even if the Commission may desire greater integration and "teeth" in EU-level policies, the political realities of the EU's multilevel governance structure may dampen this.
With respect to the Water Framework Directive, it could be made mandatory that all RBMPs include the crop, water, nutrient, tillage, and residue-management strategies that have the largest potential to mitigate GHG emissions in that basin. Likewise, effective measures to save water resources from soil management should be included in all RBMPs, and the GHGmitigating potential of these measures should be quantified and counted as GHG emission-reduction credits in the CARE package. Finally, the EU should enforce stringent objectives and carefully evaluate all suggested measures in the RBMPs, to maximize the outcome of the WFD process.
Perhaps one of the easiest and most obvious solutions with respect to the CARE package would be to completely abolish the target of a 10% minimum share of biofuels in transport petrol and diesel consumption by 2020. Instead, a target could be placed on nonbiological renewables. Applications to establish hydropower plants should be carefully evaluated by consulting the RBMP associated with the affected water bodies to determine potential negative effects. The protection of soil and water resources should be fully integrated into CARE in such a way that soil-and water-management strategies with GHG-mitigating potential are credited for their emission savings.
CONCLUSION
There are many soil-management strategies that can be used to reduce GHG emissions and encourage more efficient water and energy use. Both the IPCC and the EU have recognized that policies aimed at encouraging crop rotations and Ecology and Society 16(4): 22 http://www.ecologyandsociety.org/vol16/iss4/art22/ appropriate crop choices, nutrient management, the introduction of efficient water management systems, the appropriate development of bioenergy, and soil-restoration techniques are the "low-hanging fruit" in terms of both energy and water security. Recognizing that EU framework directives and associated payment schemes largely determine policy priorities in EU member states, in this study, we examined the relevant EU policy frameworks to assess whether the potential synergies from soil-management strategies are being encouraged, where opportunities for integrating across policy regimes are missing or, conversely, where perverse outcomes or trade-offs are likely. Our findings suggest that whereas soilmanagement strategies are encouraged by the CAP, there is even greater scope to encourage soil-management strategies through the WFD and the CARE Package.
It is clear from the debate surrounding the post-2013 CAP reform process, and from the attempts by the European Commission to implement a Soil Framework Directive, that the European Commission is at least aware of the need for greater integration. It is the political realities of the EU governance structure that prevent it from achieving greater integration at the EU level. Future research building on these findings would involve undertaking a comparative analysis across member states to ascertain: 1) the extent to which MS policies are more comprehensive in their application of these directives than is legally required, 2) whether MS policies specifically address the uptake of the soil-management strategies identified in this research, and 3) whether institutional arrangements at the member-state level encourage greater integration and adoption of soilmanagement strategies to achieve the triple aims of climate mitigation, water, and energy security.
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